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Abstract: Cancer patients receiving a potentially cardiotoxic oncologic therapy have an increased risk
of cardiovascular adverse events (CVAEs), especially in presence of concomitant arterial hypertension
(AH). Therefore, cancer patients should be evaluated before, during and after cardiotoxic treatments,
to early identify new-onset or worsening AH or CVAEs. An expert panel of oncology networks from
Piedmont and Aosta Valley (North-Western Italy) aimed to provide recommendations to support
health professionals in selecting the best management strategies for patients, considering the impact
on outcome and the risk-benefit ratio of diagnostic/therapeutic tools. We proposed an useful
document for evaluating and managing AH related to cancer treatments. Patients should be divided
into 4 cardiovascular (CV) risk groups before starting potentially cardiotoxic therapies: patients with
low /moderate risk who should be entirely evaluated by oncologists and patients with high/very
high risk who should be referred to a cardiologist or arterial hypertension specialist. According to the
CV risk class, every patient should be followed up during cancer treatment to monitor any possible
CV complications. Adequate control of AH related to antineoplastic treatments is crucial to prevent
severe CVAESs. In the presence of high-profile risk or lack of response to anti-hypertensive therapy,
the patients should be managed with a cardiovascular-oncology expert center.

Keywords: cardio-oncology; arterial hypertension; cardiovascular adverse event; cardiovascular
prevention; cardiotoxic treatments

1. Introduction

Arterial hypertension (AH) is one of the most important cardiovascular (CV) risk
factors and its prevalence has increased in past decades due to the aging of the population.
At the same time, cancer has become one of the leading causes of death and several

Hearts 2021, 2, 61-73. https:/ /doi.org/10.3390 /hearts2010006

https://www.mdpi.com/journal /hearts


https://www.mdpi.com/journal/hearts
https://www.mdpi.com
https://orcid.org/0000-0002-7360-728X
https://orcid.org/0000-0002-8863-8572
https://doi.org/10.3390/hearts2010006
https://doi.org/10.3390/hearts2010006
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/hearts2010006
https://www.mdpi.com/journal/hearts
https://www.mdpi.com/2673-3846/2/1/6?type=check_update&version=3

Hearts 2021, 2 62

oncologic drugs have been approved to improve the prognosis of these patients [1]. Patients
with cancer have an increased risk of experiencing cardiovascular adverse events (CVAEs)
while receiving potentially cardiotoxic oncologic treatment [2]. This probability is further
increased in the presence of uncontrolled, concomitant AH (chronic or related to oncologic
drugs). It is known that cancer therapy using old as well as new drugs may cause AH
through different mechanisms and sometimes the increase in blood pressure (BP) may be
responsible for chemotherapy withdrawal. More than 10 oncological class treatments have
been identified as related to AH and CVAEs (Table 1) [3-12].

Table 1. Principle class of cancer treatments related to arterial hypertension.

Drug Class Main Molecules Renal Cardiac Cardiovascular Toxicity
Damage Damage
Bevacizumab - Rarefaction of capillaries
(mAb against Yes Yes, - Increased arterial
Anti-angiogenic VEGF) ro tein,u ria Myocardial stiffness
Sunitinib P ischemia - Endothelial dysfunction
(VEGF-R inhibitor) due to NO reduction
Yes,
. heart failure, . .
Proteasome Bortezomib . - Endothelial dysfunction
e ¥ . Yes arrhythmias, .
inhibitor Carfilzomib . - Vasoconstriction
myocardial
ischemia
. Abiraterone - Increase of ACTH and
Anti-androgen Enzalutamide No Yes aldosterone levels
Cisplatin Yes, - Endothelial and renal
Alkylating agent Cyclophosphamide tubula.r Yes dysfunct%or}
necrosis -Vasoconstriction
Anti-neoplastic Vinca alkaloid Vinblastine No Yes - Inhibition of endothelial
Vincristine cell proliferation
Yes,
Taxane Paclitaxel No arrhythmias, - Inhibition of endothelial
Docetaxel LV cell proliferation
dysfunction
Yes, . .
Anti-metabolite Gemcitabine Yes myocardial i Endoth.eha.I dysfunction
. . - Oxidative stress
ischemia
Yes, Yes, . ..
HER-2 targeted Trastuzumab glomerulo- LV - Sympathetic .ac.t1V1ty
", . . - Vasoconstriction
nephritis disfunction
.. Yes, . .
Anthracycline Doxorubl.cm No v - Endoth.eha.I dysfunction
Daunorubicin . . - Oxidative stress
disfunction
PI3K inhibitor Copansilib No No - Vasoconstriction
Hormone Corticosteroids No No - Fluid reter.1t1.on
- Vasoconstriction
Ciclosporin A - Sympathetic activity
Immunomodulant Tacrolimus Yes/No No - Fluid retention
Non anti- INFax - RAAS activity
neoplastic _ . .
Erythropoietin Endogenous No No Blood viscosity
Exogenous - Vasoconstriction
NSAID Ibuprofen Yes No - Fluid r‘etentlon ‘
Ketoprofen - Prostacyclin reduction

mAb: monoclonal antibody, NO: nitric oxide, CAD: coronary artery disease, LV: left ventricular, PI3K: phosphoinositide-3 kinase, RAAS:

renin-angiotensin-aldosterone system, NSAID: non-steroidal anti-inflammatory drugs.
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In order to prevent the occurrence of AH and CVAEs during oncologic therapy or to
administer a proper antihypertensive treatment if required, every patient with clinical indi-
cation of potentially cardiotoxic treatment should be evaluated for CV risk factors [13-17].
Despite the evidence of several cardiotoxic effects due to cancer therapies, guidelines on
the assessment of cardiac status in cancer patients are still lacking. As a consequence,
oncologists may face difficulties in evaluating CV risk, giving appropriate antihypertensive
therapy and preventing CV complications. With this document, we propose a useful
and practical guide, easily applicable in different clinical settings, that, with a simple
scoring system, could aid oncologists and general practitioners in the cardiovascular risk
stratification of every patient. We aimed to provide recommendations to support health
professionals in selecting the best management strategy for patients, considering the impact
on outcomes and the risk—benefit ratio of diagnostic and therapeutic tools.

2. Cardiovascular Risk Stratification

An efficient management of AH related to oncological treatments is crucial in order
to prevent severe CVAEs and BP rises that could lead to premature discontinuation of
chemotherapy. It is estimated that ! /3 of cancer patients are affected by AH, making this
condition the most common CV comorbidity in this population [4,18]. These data might be
related to the fact that both AH and cancer are common with advanced age. In addition,
the impact of cancer treatment, especially VEGF inhibitors and proteasome inhibitors
(PI), has a fundamental role in BP rise. AH is an important CV risk factor and should
be managed following the current guidelines: both the ESH/ESC Guidelines for the
management of arterial hypertension [13] and the ESC recommendations on management
of cancer treatments and cardiovascular toxicity [19] underline the relevance of CV risk
factor evaluation in order to define the profile risk of every patient.

The rationale of the CV risk stratification is: prevention, early diagnosis and treatment
of CV complications related to oncologic treatments, reduction of therapy discontinuation
due to CVAEs and optimization of cardiovascular therapy.

2.1. The Workup of Cardiovascular Risk Stratification
The process of risk stratification is divided into three phases:

(1) Baseline evaluation (preliminary phase): identification of CV risk factors before
cancer treatment initiation in order to establish the probability of developing CVAEs,
to eliminate the removable risk factors and optimize CV therapy;

(2) Ongoing evaluation (active phase): early diagnosis and treatment of conditions related
to cardiovascular toxicity during oncologic treatment;

(3) Long-term evaluation (tardive phase): to diagnose and treat tardive cardiovascular toxicity.

In every phase, the collegial evaluation between oncologists and cardiovascular spe-
cialists to assess the possibility to continue, modify or discontinue the cancer therapy is
fundamental.

2.2. The Scoring System

Patients with known AH should be stratified as low, moderate, high or very high
CV risk based on blood pressure levels, concomitant CV risk factors and organ damage.
Non-hypertensive patients with clinical indication of anti-VEGF drugs or other potentially
cardiotoxic therapies should be stratified for CV risk as well. The European guidelines on
prevention of CV disease recommend the use of the “Systematic COronaric Risk Score”
(SCORE) [20], updated in 2019 [21]. This score system estimates the risk of a first atheroscle-
rotic fatal event at 10 years, considering five parameters: age, gender, smoking, cholesterol
levels and BP values [22].

In presence of diagnosed CV disease such as diabetes mellitus (DM) type 1 or 2,
elevated individual CV risk factors (AH grade 3 included) or chronic renal disease (grade
3-5), patients should be automatically included in the high (CV mortality 5-10%) or very
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high CV risk class (CV mortality > 10% at 10 years). In these patients the SCORE system
should not be applied.

During the baseline evaluation, cancer patients with clinical indication of potentially
cardiovascular toxic therapy should be divided into two main groups (based on ESC/EAS
guidelines 2019) [21]:

(1) High CV risk (Table 2), which includes patients:

(a) With high or very high CV risk: Patients with known organ damage or high
probability to develop organ damage in presence of multiple risk factors or
predisposing diseases (diabetes mellitus, chronic renal insufficiency > 3 grade).
These patients should be categorized at high risk to develop CV complications
(such as stroke, myocardial infarction, heart failure, renal insufficiency and
peripheral vasculopathy) induced by AH related to the oncologic treatment.

(b)  Previously treated with cardiovascular toxic therapy (high risk of iatrogenic
AH): Patients previously treated with anthracyclines or other potentially car-
diotoxic drugs, past chest radiotherapy, with ejection fraction reduction during
previous cancer treatments, AH or CVAEs occurrence during prior therapies.

Both patients affected by known cardiopathy, vascular disease or with a SCORE risk
>5% should be evaluated by a specialist in order to define the severity of the known CV
disease and reveal and define the unknown organ damage (that has a high probability to
be found in the presence of multiple risk factors). Similarly, patients previously treated
with cardiotoxic therapy should be evaluated by a specialist in order to define the severity
of organ damage.

(2) Moderate or low CV risk (Table 2), in which patients could be divided into:

(a) With known AH: if the baseline evaluation does not reveal uncontrolled AH
or subclinical organ damage, only first level diagnostic exams and routine
BP monitoring should be performed in order to avoid development of AH
in patients treated with VEGF inhibitors and PI. In presence of uncontrolled
AH or suspected/evident subclinical organ damage at the baseline workup,
second level investigations will be necessary to better define the organ damage
and optimize the antihypertensive therapy.

(b)  Without known AH: similarly to the previous subgroup, if no AH or organ
damage was revealed, only first level exams are required. On the other hand,
in the presence of subclinical organ damage, a deeper specialist investigation
is recommended through an ambulatory blood pressure monitoring (ABPM)
or home blood pressure monitoring (HBPM). This would be aimed to detect
masked AH and treat accordingly. Additionally, strict BP monitoring and
echocardiography are indicated to define the potential cardiac damage.

The oncologists should independently manage the moderate/low CV risk patients,

evaluating on a case-by-case basis if a specialist consultation is required (second level
examination by a cardiologist or hypertension specialist).
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Table 2. Checklist for CV risk scoring for cancer patients with indications of cardiotoxic treatment.

Anamnestic Assessment YES?

Previous myocardial infarction O
Coronary or other arterial revascularization
procedures

Acute coronary syndrome or other arterial
atherosclerotic occlusions

Previous stroke or transient ischemic attack
Aorta aneurysm

Referral to the

cardiologist/

hypertension
specialist

ojgong| o | o

Peripheral artery disease

Diabetes mellitus:

with organ damage @

with other major risk factor:

- uncontrolled BP (grade 3)

- severe dyslipidemia

- smoke

Severe CKD (GFR < 30 mL/min/1.73 mq)

SCORE > 10%

Markedly elevated single risk factor:

- Uncontrolled BP (grade 3)

- Severe dyslipidemia (col tot >310 mg/dL)

- Familiar dyslipidemia

- Smoke

Diabetes Mellitus

- without organ damage @

- duration >10 years

- with an additional risk factor

Moderate CKD (GFR 30-59 mL/min/1.73 mq)

SCORE >5 and <10%

TT echocardiogram:

- Left ventricular hypertrophy

(LVMi > 95 g/mq o >115 g/mq F/M);

-GLS > —18%

- EF <52/54% M/F or alteration in

regional/segmental contractility

Uncontrolled resistant arterial hypertension

(3 drugs included 1 diuretic at the full dose)

Young patients with DM:

- DM type 1 < 35 years;

- DM type 2 < 50 years; O .

- DM duration < 10 years; Moderate risk = Oncologist/GP care

- without additional risk factors

SCORE >1% and <5% at 10 years O

SCORE <1% O Low risk Oncologist/GP care
Modified from “2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce
cardiovascular risk” [21]. @ proteinuria, neuropathy. BP: blood pressure, CKD: chronic kidney disease, GFR:
glomerular filtration rate, LVMi: left ventricular mass indexed for BSA, GLS: global longitudinal strain, EF:
ejection fraction, DM: diabetes mellitus, GP: general practitioner, TT: transthoracic.

¥

0o

O

Referral to the

cardiologist/

hypertension
specialist

]

oja

O

O

2.3. Cardiovascular Risk Stratification: Different Approach between Genders

Chemotherapies have improved the survival rates of cancer patients but, at the same
time, has increased related cardiovascular toxicity. During CV risk stratification, the differ-
ent CV effects of chemotherapy on men and women should be considered. Breast cancer
chemotherapy (such as anthracycline or HER2-targeted drugs) and radiotherapy [23] may
increase the risk of CVAEs in women. Recent data [24] demonstrated that the average
lifetime risk of developing CV disease in women at 50 years of age is on average 40% and
this percentage rises as the number of risk factors increases. Premenopausal women are rel-
atively protected against CV disease, compared with age-matched men, but the protective
effect decreases after menopause. The identification and the treatment of CV risk factors
is necessary to reduce the occurrence of CVAEs. The common CV risk factors affect both
genders with different relative importance: women with DM type 2, dyslipidemia or with a
cigarette consumption more than 20/day have a higher risk of fatal coronary artery disease
compared with men; obesity and inactivity have higher prevalence in women; women
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develop AH later than men; but, elderly women have higher AH prevalence than elderly
men. In addition, there are a number of risk factors unique to women, such as: polycystic
ovary syndrome, preterm delivery, hypertensive pregnancy disorders, gestational DM
and menopausal transition (surgical or spontaneous) [13,24,25]. The identification of the
CV risk factors unique to woman during reproductive years may improve the current
risk assessment strategies. Moreover, it should be considered that some CV diseases are
more prevalent in women, such as spontaneous coronary artery dissection, stress-induced
cardiomyopathy, atypical myocardial infarction presentations [26] and heart failure with
preserved EF.

For these reasons, the assessment of CV risk should consider the relative importance
of the common CV risk factors for men and women, the effects of the risk factors unique to
women and the different prevalence and presentation of CV diseases between genders.

3. Baseline Cardiovascular Evaluation

The assessment of cardiovascular risk before beginning a potentially cardiotoxic
oncologic therapy is fundamental in order to establish the probability of experiencing
CVAEs and, on this basis, start proper management, considering the impact on outcomes
and the risk-benefit ratio of diagnostic and therapeutic tools.

3.1. First Level Evaluation

The first level baseline evaluation is done under the competence of an oncology
specialist and includes:

- Patient history: to identify major CV risk factors (age, gender, smoking habits, DM,
AH and dyslipidemia), pre-existing CV disease or sign/symptoms suggestive of a
specific unrecognized CV disease;

- Evaluation of the assumed anti-hypertensive or cardiologic therapy;

- Complete physical examination comprehensive of BP measurements (as recommended
in ESH/ESC guidelines 2018) [13];

- SCORE risk calculation;

To complete the first level evaluation the oncologist has to evaluate the results of the
subsequent tests:

- Routine blood tests (blood cell count, creatinine, electrolytes, glycemia, uric acid,
hepatic profile) along with protein electrophoresis, urine exam, microalbuminuria,
TSH reflex, HbAlc, lipid and martial profile, dosage of natriuretic peptides;

- Electrocardiogram;

- Transthoracic echocardiogram, if possible, with global longitudinal strain (GLS) as-
sessment [27];

- ABPM and HBPM.

3.2. Second Level Evaluation

The second level evaluation is competence of the cardiologist/cardio-oncologist/
hypertensive specialist. Patients with high or very high CV risk or those previously treated
with cardiotoxic therapies require a second level evaluation. In the presence of moderate CV
risk or abnormalities on first level investigations, the need for a second level examination
should be evaluated on an individual basis.

The second level evaluation is composed of:

- Cardio-oncological assessment with transthoracic echocardiogram (including
GLS assessment);

- If appropriate, according to clinical judgement: stress echocardiography, treadmill
test, TSA and lower limb artery Doppler, coronary CT and cardiac MR;

- Abdomen US scan in presence of altered renal function or proteinuria/microalbuminuria.
If appropriate, perform a nephrological evaluation;
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- ABPM in presence of organ damage in patient with unknown AH in order to detect
masked AH, or to optimize the antihypertensive therapy in case of uncontrolled AH;
- Other specialist examinations for specific diseases identified in the first screening.

4. Diagnosis and Treatment of Arterial Hypertension

Guidelines on treatment of AH in cancer patients receiving potentially cardiotoxic
therapies are still lacking. Therefore, the following recommendations will concern AH
treatment in general, with a subsequent focus on the characteristics of the subgroup with
AH related to specific cancer treatment.

4.1. Arterial Hypertension Diagnosis

Arterial hypertension is defined as office systolic BP > 140 mmHg or office diastolic
BP > 90 mmHg at least in two measurements a few days apart [28].

Patients with cancer and clinical indication of potentially cardiotoxic oncologic treat-
ment should have two BP measurements (about 2 weeks apart) to verify BP levels,
either spontaneous or on antihypertensive therapy. Office BP measurements should be
performed in a quiet room in a sitting position, at least two measurements 15-30 s apart
at the non-dominant arm (usually the left arm). The utilized device if automated should
be validated.

The type of measuring could affect both the diagnosis and the follow-up of the patients.
For this reason, it is fundamental to understand the difference between “office” (assessed
in the medical office) and “out-of-office”.

4.2. Out-of-Office BP to Reveal White Coat and Masked Hypertension

Out-of-office BP could be measured through the ABPM or at home with the help of
validated automated devices. The measured office BP values should be confirmed outside
the medical setting. Therefore, ABPM and HBPM assessments are useful for confirmation
of AH diagnosis, or in case of discrepancies between office and out-of-office BP values
for the identification of isolated clinical AH (or white coat AH) and masked hypertension.
Increased office BP values and normotension on ABPM/HBPM identifies the clinical
isolated AH. On the other hand, increased BP on ABPM/HBPM with normotensive values
on office evaluation defines the condition of masked AH [17,29].

Therefore, the diagnosis of AH in a previously normotensive patient requires a com-
bined evaluation of office and out-of-office BP assessment. The evaluation of HBPM in
hypertensive patients on treatment is fundamental in order to verify the efficacy of antihy-
pertensive treatment. In the same way, in cancer patients receiving potentially cardiotoxic
treatments, HBPM allows health professionals to verify the control of BP during the days
leading up to oncologic therapy and empowers the patients to verify potential BP increases
in the days after chemotherapy infusions.

ABPM-24h is the best method of BP measuring that correlates with organ damage and
CVAEs related to hypertension [13,29]. In cancer patients with moderate and low CV risk,
the ABPM should be required by the oncologists (Table 3).

4.3. When to Begin the Antihypertensive Treatment?

The decision to begin an antihypertensive treatment should consider a global approach
of CV risk stratification. The patient will be allocated in a CV risk class considering more CV
risk factors and not only the simple office BP value. Patients with indication of cardiotoxic
therapies should have controlled BP values, with a security office BP value < 140/90 mmHg
and controlled ABPM and HBPM values.

The European guidelines of AH propose aggressive targets for many patient cate-
gories [13]: the lack of evidence about cancer patients should suggest caution in reducing
BP values. Clinicians should prescribe an antihypertensive treatment in order to allow the
oncologic therapy continuation in a safe condition.
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Table 3. Interpretation of ABPM exam [30].

Quality At least 22 h of measurements and almost 1 measurement every 20 min in the day and 1 every 30 min in the night.
Compare systolic and diastolic BP mean values during the 24 h, the day-time and the night-time with the normal ranges:
SBP and/or DBP

Mean day BP value 135 85
Mean night BP value (during sleep) 120 70
Mean 24 h BP value 130 80

Interpretation Home BP value 135 85
Evaluate the night BP dipping;:
Normal: 10% Absent < 10% Inverted

Absent and inverted dipping are pathological conditions in the presence of normal sleep quality.

Night-time BP value standard deviation analysis: if > 11 mmHg, possible major impact of BP rise on organ damage.

Correlation between BP values and possible reported symptoms.

ABPM: ambulatory blood pressure monitoring, BP blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure.

4.4. Which Treatment?

Five drug classes have a major recommendation for AH treatment: ACE inhibitors
(ACEi), angiotensin II receptor blockers (ARB), beta-blockers (BB), calcium channel blockers
(CCB) and diuretics. For mechanism of action and possible collateral effects of these classes
of drugs, please refer to the European guidelines of arterial hypertension [13].

Antihypertensive therapy indications for oncologists:

Patients affected by cancer in accordance with their CV profile risk should be treated
firstly with CCB and/or ACEi/ARB. In case of lack of efficacy, the antihypertensive
treatment could be optimized with the association of BB and/or thiazide or thiazide-like
diuretics (Figure 1).

Antihypertensive therapy indications for hypertension specialists/cardiologists:

Patients with uncontrolled AH in the presence of the above-mentioned antihyperten-
sive therapies (full dose) define the category of resistant arterial hypertension (RAH). In this
case, the patients should be referred to a cardiologist/hypertension specialist in order to
revise the antihypertensive treatment considering the anamnestic profile, the characteristics
of the ongoing treatment and the current evidence.

The key elements of the treatments are (Table 4):

- Eliminate possible factors/substances which could reduce the BP control;

- Identify and modify incorrect habits (obesity, scarce physical activity, alcohol assump-
tion, high salt or low fiber diet);

- Optimization of the ongoing antihypertensive therapy (synergic drug activity);

- Consider secondary causes of AH.
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Consensus Document
Approach to Arterial Hypertension Therapy in patients
treated with vasculo-toxic therapy

BP Levels
Office

<140/90 Confirmed with

Home or ABPM yes
ATARGET —— Y5 m

no
i.e. p
i ower
c Calcium channel Amlodipine (5-10 mg) .
blockers Felodipine (5-10 mg) Side effects
Manidipine (10-20 mg)
and/or Side effects: tachycardia, peripheral edema

ACE-1
i.e. Ramipril (2.5-10 mg)

[A I RAAS inhibitors ] Angiotensin |l Receptorc blockers (ARB)
i.e. Telmisartan (20-80 mg)

Side effect: cough ~ Warning: GFR<30 cc/m
eventually
associated to Check creatinine, Na+, K+

i.e.
Nebivolol (at increased dosage 2.5 mgto 5mg

[ B Beta blockers ] after 15 days)
Side effects.: bradycardia

Controindications: bradycardia, asthma

Caution should be used for:

Diuretics electrolytes disturbance.

Verapamil and Diltiazem inhibit Cyt P3A4 (may increase levels of sunitinib) and increase PR interval.
Caution should be used when associated with drugs that can prolong QT.

Figure 1. Approach to arterial hypertension therapy in patients treated with cardiovascular toxic
therapy. BP: blood pressure, ABPM: ambulatory blood pressure monitoring, ACEi: angiotensin
converting enzyme inhibitors, RAAS: renin-angiotensin-aldosterone system.

Table 4. Principles of evaluation of patients with resistant arterial hypertension.

Patient History:
- AH duration;
- HBPMV;
- Family history of CV events;
- Habits (alcohol, smoking, recreational drug use, i.e., cocaine);
- Licorice or herbal products abuse;
- Lifestyle (physical inactivity, stress);
- Sleep disturbances (e.g., OSA);
- Drugs (antihypertensive drugs, NSAIDs, corticosteroids, collateral effects/intolerance).

Physical examination:
- Signs of secondary hypertension (hump, fat distribution, hypertrophic lower limb muscles, neck circumference, cutaneous sweating).

Laboratory tests:
- Creatinine, urea, electrolytes, glycemia, HbAlc, uric acid, TSH reflex, lipid profile, urine exam;
- 24 h diuresis: quantification of fluid in-take, sodiuria, creatininuria, creatinine clearance, metanephrines dosage, urinary free cortisol;
- Serum hormones: aldosterone levels, PRA.

Instrumental analysis:
- Transthoracic echocardiogram (with GLS assessment for subclinical/clinical damage);
- ABPM;
- Renal artery color-Doppler (or renal scintigraphy/CT/MR/arteriography based on the center’s expertise);
- Polysomnography.

AH: arterial hypertension; HBPM: home blood pressure monitoring; CV: cardiovascular; OSA: obstructive sleep apnea; NSAID:
non-steroidal anti-inflammatory drugs; PRA: plasma renin activity.
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5. Follow-Up

Patients suffering from cancer with clinical indication of cardiotoxic therapies should
be re-evaluated periodically (office BP value measurements, ECG, TT echocardiogram with
GLS assessment) by the oncologist. Patients eligible for cardiologic/hypertension specialist
care should be evaluated at the baseline (before beginning therapy) and after 6 months.
Subsequently, if the clinical-therapeutic approach is effective, they could be managed
by the oncologist for overall management. These patients must be re-evaluated by the
hypertension specialist in case of uncontrolled BP values, CVAEs, development of left
ventricular hypertrophy, ECG abnormalities or GLS reduction during therapy (Figure 2).

Cancer patients with indication to
potentially cardiotoxic therapies

* CV patient history
* Clinical evahation

* TT echocardiogram (GLS)

P
"/High\\

N Risk? o

No

* CV patient history

* Identification of potential CVAEs
Follow-up |+ Ciiical evaluation

No (6 months) - Office BP (+- ABPM)

* 12-lead ECG

* TT echocardiogram (GLS)

|

PN
o High \-_—>| Cardiologic/AH specialist evalation ‘
"~ Risk?

~ Yes

Figure 2. Protocol of patient selection and follow-up. CV: cardiovascular, BP: blood pressure, ABPM:
ambulatory blood pressure monitoring, GLS: global longitudinal strain, CVAEs: cardiovascular
adverse events; AH arterial hypertension, TT: transthoracic echocardiography.

6. Possible Adverse Cardiovascular Effects

When an adverse effect occurs (grade 3—4) [31], the possible relationship with the
administered antineoplastic therapy should be investigated. In presence of a direct or
indirect relationship with the chemotherapic agent, this must be interrupted, and the
clinical case managed following the recommendation concerning the specific CV pathology
(i.e., heart failure or atrial fibrillation). A therapy optimization with potential introduction
of more specific antihypertensive drugs should be considered in case of AH (i.e., in presence
of heart failure, introduce loop diuretics).

Other pathological conditions might be identified during specific treatments:

- Proteinuria: renal protein excretion >300 mg/24 h.

This is a frequent side effect of anti-VEGF drugs and is often associated with uncon-
trolled AH [32]. Significative proteinuria (>2 gr/24 h) could be a potential contraindication
to continue the anti-VEGF therapy. In presence of a nephrosic proteinuria, the nephrolo-
gist support is mandatory for a correct therapeutic management. It is recommended to
introduce ACEi/ARB therapy if not in use.

- Hypotension: SBP (systolic blood pressure) <90 mmHg.

From the data analysis of multiple myeloma patients treated with carfilzomib and
followed by our specialized center (Hypertension Unit, Citta della Salute e della
Scienza, Turin), hypotension has been identified as a potential adverse effect observed
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in a small but significative proportion of patients. This event could have many causes,
so the clinicians must consider the following:

- Systemic: infections, volume depletions;

- latrogenic: over-treated AH;

- Dysautonomia: it is useful to verify clinostatic and orthostatic BP;

- Coronary spasm/occlusion: in the presence of high risk of coronary occlusion
or symptoms/signs suggestive of coronary occlusion, this suspicion must be
excluded or confirmed with specific tests.

- Dyspnea:

This is a frequent reported CV event during carfilzomib treatment [9,33,34]. According
to the severity of the symptom it is necessary to exclude the cardiac causes. Initial evalua-
tion should include an accurate clinical-anamnestic assessment in order to identify signs
of heart failure, considering also the differential diagnosis with other non-cardiac causes
of dyspnea. As first level examinations, ECG, chest X-ray, lung US, TT echocardiogram,
serum NTproBNP, troponin T and D-dimer level should be performed.

7. Conclusions

AH is one of the most important CV risk factors and patients with cancer receiving a
potentially cardiotoxic oncologic therapy have an increased risk of uncontrolled AH and
CVAEs. Sometimes, the increase in BP may be responsible for chemotherapy withdrawal.
Despite the evidence of several cardiovascular toxic effects due to cancer therapies, guide-
lines on the assessment of cardiac status in cancer patients are still lacking. For this reason,
an expert panel of oncology networks from Piedmont and Aosta Valley (North-Western
Italy) have proposed an easy CV scoring system based on the European Guidelines on
cardiovascular disease prevention [20]. According to the CV risk class assigned, an ap-
propriate follow-up is also suggested: patients with low /moderate risk could be entirely
evaluated and followed by oncologists and, instead, patients with high/very high risk
should be managed with cardiovascular/oncology expert specialists.
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